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A PRE-CAST STRUCTURAL FACADE FOR A LOW OFFICE BUILDING
by
Ronald R. Williams
Abstract
This thesis is primarily concerned with the design of
a structural facade which involves the integration of pre-
cast and poured-in-place concrete. Obviously, the structural
facade is a system which will both support and enclose a
building's periphery, and, as such, it will be necessary to
restudy the "vertical member to floor" connection and the
integration of mechanical equipment.
Other influencing factors in the design which will be
discussed include:
1. Building Type
2. Choice of Module
3. Choice of Floor Structure
4. Mechanical System
5. Lighting and Acoustic Treatment
6. Partitioning
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I. Preface
Stated simply, a structural facade replaces the
peripheral line of supports with a series of closely spaced
posts which thus form a load bearing wall with many open-
ings. It is ideally suited for use in buildings where there
are many changes in the division of spaces (at both the
large and small scales), and where a regular design rythm
in the facade is desirable. Its use can also be justified
economically by virture of the fact that its repetitive
nature can take full advantage of the benefits of mass
production and erection.
Considering these facts, it becomes obvious that the
structural facade is particularly well suited for use in
the design of apartment and office buildings. Thus, two
basic and arbitrary decisions must be made before the
design can proceed - they are: the type and height of
building to be designed. I chose to do a low office
building.
Early research disclosed that most low office build-
ings are usually very small and never use concrete exten-
sively since it would be more economical to build with
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steel or wood. However, there has been a trend to locate
fairly large urban businesses, which in turn would require
larger and more elaborate facilities, in suburban areas.(1)
Furthermore, the suburban office shares many of the assets
of the city office, since the city center is in easy reach
and travel to it can be done in off-peak hours. The reduced
operating cost and better working environment are other
factors which have, in most cases, more than offset the
poorer direct communications. Looking to the future, a firm
in such a location can count on the population explosion to
provide all of its staffing needs, while there is land
available for expansion.(2)
Taking these facts into consideration, the proposal
of a structural facade for a low office building becomes
quite reasonable.
(1) See American Institute for Insurance Education,
Connecticut General Life Insurance, Upjohn Co.,
Liberty Life Insurance, Standard Vacuum 011.
Anaconda Wire and Cable, for examples of large,
low-rise suburban office buildings.
(2) L. Manasseh and .R. Cunliffe, Office Builns,
(New York, 1962), p. 5.
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II. Design Criteria
A. Choice of a Module
The planning requirements of a firm can be considered
in three parts: Organization, communication, and flexibility.
These factors combine to determine the physical changes
within a given space and may range from the need to move a
few feet of partition to the need to transfer whole depart-
ments to other parts of the country. Therefore, the choice
of a module is of extreme importance since it will determine
whether or not a space can accept the wide range of demands
which will probably be placed upon it.
The choice of a module for an office building may be
limited by the amount of money available, while in cheaper
buildings the standard systems of walling, usually dictate
the module chosen. (Fortunately, these systems have been
devised with general needs of both planning and economy of
materials in mind.) However, it would be a great mistake,
in this instance, to let the dictates of economy be the sole
guide in the selection of a module.
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The structural facade and its modular nature should have
a strong influence over the choice of a module. Moreover the
module, under these circumstances, should be expected to
reach its most thorough degree of integration with windows,
partitions, ceilings, lighting, area allocation, and other
supporting elements. Thus it will afford maximum flexibility
in the arrangement of space and permit simple and economical
revision to office layouts as changing operations may require.
The choice of 5' x 5 ' working module - which would allow
standard floor, wall, and ceiling materials to be used - has
the inherent flexibility necessary for a changing office lay-
out. The planning grid will consist of a 40'-O" clear span
which could accommodate an office depth of 15' to 20', a
secretarial depth of 10' to 15', and a corridor 10' in deoth.
B. Choice of Floor Structure
Having established the fact that a totally integrated
modular system should be part of the basic design criteria
considerably narrows the choice of floor structure. Indeed,
the most logical choice is a "waffle" slab with its ribs
coinciding with the established module grid of 5' x 5'.
The slab thus establishes uniform connection conditions for
partitioning throughout the entire floor, while creating
recessed troughs in which other necessary fixtures can be
located.
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C. Choice of a Mechanical System
Today there is an increasing concern over the selection
of a mechanical system which best fits the particular require-
ments and design of a given building. If the choice is made
early enough, it is conceivable that the system may be inte-
grated with the plan and structure for optimum economy and
space utilization. But before the kind of system to be used
can be considered a study of the basic heat load patterns
of the building must be made.
A more thorough discussion of the mechanical system
will be found on page 33.
D. Lighting and Acoustic Treatment
Lighting
Since one of the main objectives in this design is to
provide flexibility in the work spaces, a lighting system,
related to the module by locating it in the recessed trough
created by the ceiling surface of the floor structure, will
be provided. However, there are certain inherent features
of this kind of lighting system which should be discussed
here.
Ideally it is the work and not the work spaces that
should be lit, with a flexible plan this objective must be
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sacrificed, as it inevitably means a rigid installation.
Two further demands that flexibility makes on an installa-
tion are for a generous layout of distribution wiring, and
for an ample carrying capacity in these wires to allow for
.a possible increase in the power loads.
Acoustic Treatment
The recessed troughs can also be lined with sound
absorbent materials, as required, in order to control the
level of high frequency sounds common in offices. In this
way sound control is relatively free of partition placement,
but it should be noted that other steps may have to be taken
depending on the size and use of a space.
E. Partitioning
Partitions will be placed in accordance with the
established module, and will have a core area which will
accept the necessary wiring for any fixtures that may be
attached to their surfaces.
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III. The Structural Facade
Background Information
The exterior design of a building requires that the
architect consider such practicalities as economy, avail-
ability, handling, attachment, insulation, maintenance,
and fire resistance of the material used for structure
and/or enclosure. The suitability of concrete in all these
respects has been proven. Moreover, where there is no limit-
ing factor, such as the importance of vertical continuity in
a high structure, the use of pre-cast concrete is justified.
In most cases appreciable cost spvings can be effected
by in-plant fabrication, compared with on-the-job construc-
tion of concrete. Casting in a plant also permits better
control and more efficient curing of the concrete resulting
in a finish of higher quality than that of poured-in-place
concrete. In addition, expediting delivery time of the
finished product can cut weeks off the erection time of the
structure and thus save even more money for the investor.(1)
The following is a brief description and analysis of
three buildings which employ the principle of a pre-cast
c6ncrete structural facade.
(1) Roy L. Peck, "Three Dynamic Factors in Concrete's
Future", Modern Concrete (May, 1962), 41-47
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BUILD~1G Banque Lambert
ARCHITECT Skidmore Owings and Merrill
NUMBER OF FLOOR S
9
FLR TO FLR IIGHT
11' - 1/4"
BAY SIZE
30' x 30' (Approx.)
STRUCTURAL FRAMIN.
Concrete
STRUCTURAL FACADE
Pre-Cast Concrete
SPA.N TO INTERIOR
SUPPORT
Varies from
STRUCTURAL MULLION
SPACING
5'
15' to 35' (Approx.)
WINDOVW MECHANICAL SYSTEM
Set Back from
Structural Facade
REX%
A combinatioin of natural
ventilation with fin
tube radiators under
peripheral windows, and
tempered fresh air from
ducts located above
corridor ceilings.
See following explanation
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BUILDING Banque Lambert
Banque Lambert
The exterior pattern is a structural grid which carries
all floor loads transmitted to it. The structural unit is a
pre-cast reinforced c6ncrete "cross" placed at modular inter-
vals of 1.5 meters around the periphery of each typical floor.
The vertical legs of each cross are tapered to a point halfway
between floor and ceiling lines. At this point, the crosses
are pinned together with a stainless steel connection. The
horizontal bar of the cross acts both as spandrel beam and
as formwork to receive the floor slabs which were poured
against it on the job.
Comments
The most obvious fault of this building is that it has
the same expression on all four elevations implying, since
it is a structural facade, that the loading conditions at
the periphery are the same. This is not so. The structural
crosses on the short sides of the building carry less than
half the load acting on the crosses of the long sides.
(See column location on following drawings.)
One other point, though it is not a fault in the
structural concept, should be made concerning the connection
- 12 -
io 111111019! _ - ,
between the vertical legs of the crosses. While the narrow
waisted columns do express the flow of structural stresses -
the column's bending moment is greatest at the spandral
beam, smallest at the waist - the resulting exposed steel
connection would present problems in the United States.
Code restrictions would not permit the connection because
of its possible exposure to fire.
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College of Education, Wayne State University
ARCHITECT Minoru Yamasaki and Associates
NUM3ER OF FLOORS FLR TO FLR HEIGHT
5
STRUCTURAL FRAMING.
Poured-in-place and
pre-cast, pre-stressed
concrete
SPAN TO INTERIOR
SUPPORT
52'
WINDOW
Integrated with
structural "trees"
11' 
- 5" 52' clear span
from "core" area
STRUCTURAL FACADE
Pre-cast concrete
STRUCTURAL MULLION
SPACING
5'
MECHANICAL SYSTEM
Fan coil unit at
periphery (?)
See following explanation
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BAY SIZE
BUILDIG
i
College of Education Building
Wayne State University
This building's perimeter is a multiple of modular units
three stories high, with one-story high units at the fourth
and fifth floor levels. These modular "trees" are repeated
around the perimeter of the building.
The interior structure is a combination of poured in
place concrete and pre-cast pre-stressed concrete. Portions
of all floors are framed with pre-cast pre-stressed double
tees which span fifty two feet. The entire central core area
is framed using a conventional poured in place system of beams,
columns and slabs. The core extending through the height of
the building provides a rigidizing anchor and bracing for
the rest of the pre-cast concrete structure.
Comments
This building, considering its structural clarity, is
far inferior to the Banque Lambert. The pre-cast trees
only carry the load from a strip about 5 ft. wide around
the periphery of the building and are merely "frosting on
the cake". These "trees" are also weak in concept because
the lateral connection is difficult. (Since shearing forces
require a certain depth at the point where the "T" is formed
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the attempt to minimize its length at the joint between
units results in an expression sadly reminiscent of
"steamboat Gothic".) However, these "trees" do constitute
a structural facade and are included in this report because
they show that a pre-cast unit need not be limited to one
story in height, but can go as high as three or four using
certain construction proceedures.
These proceedures hEve been more thoroughly discussed
on page 27.
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AMERICAN CENTER FOR INSURANCE EDUCATION
ARCHITECT Mitchell & Giurgola Associates
NUM.BER OF FLOOR S FLR TO FLR HEIGHT
li' - 411
STRUCTURAL FRAMIN.
Pre-cast pre-stressed
concrete
SPAN TO INTERIOR
SUPPORT
40'
WINADOW
Integrated with
structural frame
40' clear span
STRUCTURAL FACADE
Pre-cast Concrete
STRUCTURAL MWLLION
SPACING
10'
MECHANICAL SYSTEM
Single duct high velocity
system (?)
RS o eltRK
See following explanation.
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BAY SIZE
BUILDING
American Center for Insurance Education
The structural system is an integration of cast-in-
place, pre-cast, and pre-cast pretensioned concrete com-
ponents.
Office areas, which are column free loft spaces, have
walls of pre-cast concrete structural units which carry the
pre-cast pretensioned floor beams, and also serve as window
frames. Continuity between the frames was achieved by a
poured concrete filler and dowels extending between the
upper halves of the 10' x 25' framing units, while the
lower halves hold supply air ducts.
These pre-cast structural units have hard smooth sur-
faces made possible by the use of steel forms and intense
vibration of the mix. (To insure proper weathering, flat
surfaces were avoided.)
Comments
The structural expression of this building is probably
the most honest of the examples given. Its space is created
by a one-way span and the exterior expresses exactly that.
Here again the use of a multi-story pre-cast unit is made
possible by the construction procedure which enables the
- 22 -
unit to be put in position and held securely with a
minimum of effort. (See discussion of this technique
Page 27.)
The most disturbing feature of the structural unit is
the exposed metal sheet which covers the air supply duct
running between the units at the lower level.
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Analysis
While these examples show the feasibility of a pre-
cast concrete structural facade for low buildings, they
are by no means complete in their representation of the
different techniques that have been used or proposed.
Therefore, a brief discussion of the remaining techniques
will be necessary in order to familiarize the reader with
them and to establish some basis for the choice of one
system over the others.
Thus far, the "cross", the "T", and a variation of
the rectangular frame have been illustrated and described.
Two other basic approaches remain: the "H" frame and the
simple rectangular frame.
The "H" Frame. This system has some of the same problems
associated with the "T" inasmuch as the
lateral connection is difficult. It has
a further disadvantage in its joint rythm
which is irregular. (They alternate
between units.)
The Rectangular This system, while the most obvious, also
Tram e
seems to be the most logical. However, it
does present some difficulty in obtaining
vertical continuity.
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Generally speaking, all of the techniques described
can be done in single or multi-story units. However, with
multi-story units the assembly of the building must be able
to proceed faster since the fame developes critical forces
in the vertical members until the bracing effect of the
floor is realized. This eliminates a poured-in-place floor
construction and a pre-cast pre-stressed system becomes
mandatory. A multi-story frame also requires over design-
ing in a sense, because the stresses introduced by handling
are far more critical than the stresses caused by the loads
acting on a member completely positioned.
A system in which the units have been vertically
staggered has also bee used, but it creates problems at the
corner and makes the use of other pre-cast elements neces-
sary in order to fill the gap between the actual frames.
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and minimize the effects of weathering by reducing the
amount of concrete to be seen in one plane.
The glass is set deep within the frame and extends
from floor to ceiling in order to take full advantage of
natural lighting whenever possible. Although it might
have been more economical to reduce the amount of glass
and thus lower the heating and cooling loads the mechani-
cal system has to overcome, the additional loads caused
by the large glass area are far from critical in this in-
stance because of the building'-s size - 144,000 sq. ft. vs.
800,000 sq. ft. typical for high rise office building
- 29 -
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IV. Structural Concept of the Building
The building will consist of 5 stories (including the
basement) and will have a gross ares of 28,800 square feet
(120' x 240') per floor. The upper three floors are to be
suported and enclosed by means of a structural facade where
the span between the facade and the next interior supoort is
equal throughout. This, however, creates a critical condi-
tion at the corner panel of the floor slab and is inherent
with the system when it is properly employed. At this point
a "critical rib" is assumed to take one fourth of the live
and dead loads from the corner panel of the slab and dis-
tribute it to adjacent ribs. The load which this critical
rib is assumed to take determines the uniform depth of the
floor structure. (See diagram on p.39.) This depth could
have been reduced by using pre-stressed concrete, but this
was thought to be unnecessary and uneconomical since the
floor to floor height is not as critical as it would be in
a high rise building.
Another problem of the structural facade arises at the
base of the building. Having established a tightly scaled,
highly efficient system, how is the ground level opening to
be treated? That an interruption of the system is indefen-
sible in purely economic terms should be obvious, but for
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both esthetic and practical reasons, an open base may be
diserable. In any case, concentrating the effort of spann-
ing a large ground floor bay is distinctly advantageous to
spanning that bay in every floor. The open base has there-
fore been choosen as the method of terminating the facade,
and the calculation for its design will be found on page 48.
The structural facade will consist of pre-cast and
poured-in-place posts which act integrally. The poured-in-
place portion is located in the void provided at the vertical
joint of the pre-cast frames, and their integration is
achieved by means of lateral ties. These ties are anchored
in the legs of the pre-cast frames and are bent around the
compressive reinforcement of the poured-in-place concrete.
Since the reinforcement of the poured-in-place portion of
the post has been designed to take all of the compressive
forces to act on it, the vertical reinforcement in the pre-
cast frame is thus "extra" and can be counted on to take
any bending which might occur.
Vertical continuity of the posts is achieved by con-
tinuing the main reinforcement into the post above the dis-
tance necessary for proper reinforcement "lacping".
Four interior columns, running through the full height
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of the building, occur between and in line with the walls
of the structural cores. The columns are thus positioned
so as to correspond to the span from the core wall to the
exterior supports.
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V. iechanical Concept of the Building
Heating, cooling, and ventilation of the building is
to be accomplished by an "indirect system" which calls for
the compressors, condensors, and hot water generators to
be located in the basement with the cooling towers located
on the roof. Air which has been properly conditioned in
the basement is then distributed to the mechanical rooms
at each floor located at opposite ends of the building.
Each floor has been divided into two zones - exterior
and interior - each of which requires a different kind of
mechanical system. Calculations of the heating and cool-
ing loads for these zones established that an "airfloor
system" could be used. (Another possibility would have been
to locate the necessary ductwork between the bottom of the
floor slab and a hung ceiling, but this was eliminated since
it was desired to expose the "waffle" of the slab.) The
airfloor is located on top of the structural floor and con-
sists of 5" void, which can be baffled to provide direct
supply or return of air, and a 3" top slab which rests on
adjustable vertical supports.
Interior Zone
Conditioned by an all-air low velocity single duct
system which is fed through the plenum created by the air-
floor and diffused through combination air diffusers and
light fixtures.
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Exterior Zone
Conditioned by an all-air high velocity single duct
system with terminal reheat.(l) The air for this system
is also fed through the plenum created by the airfloor and
is diffused through the floor at individual units located
in a continuous line under the windows. The flexibility
necessary for this system to operate effectively is
achieved. by providing a thermostat for every four units
which will control the temperature of the supplied air by
limiting the amount of it to be passed over the coil.
Return Air
Air will be returned by means of ceiling diffusers
which are located so as not to interfere with the supply
diffusers and will be integrated with the lighting also.
A portion of this air is to be brought back to the main
circulating fans while the rest is exhausted directly from
shafts located at roof level.
Electricity
All wiring for power and telephone requirements will
be located in the electrical "cells" incorporated in the
airfloor.
(1) The terminal reheat in this system will consist of
a "coil" which can be fed with hot or cold water.
134
rVI. CONSTRUCTION PROCEDURE
The Pre-cast Frame
A. Number of Forms
The number of forms to be used depends on
the amount of time aveilable for pre-casting.
The ideal situation is to have the number of
forms which will ellow them to be "written off"
because of the number of times they would be
used. A rough estimate of the number of forms
required.in this particular instance would be
about eight, figuring on fifty four castings
per form. This would also allow eight frames
to be produced every 24 hours.
B. Type of Forms
The type of form used, in most cases, depends
on the pre-cast plant. Some plants have their
own form shop, while others prefer to have the
form fabricated somewhere else. In any case,
the form would probably be made of steel or wood.
C. Method of Pouring
The frames would be cast face down using
"finished surface" concrete through out, rather
than a "comoosite" pour.
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D. Handling
The handling procedure will vary according
to plant setup also. It is conceivable that
two sets of hooks will be necessary for this
purpose - one would be required for handling
in the plant and shipping, while the other
would be required for erection purposes.
The Floor
The 5' x 5' waffle of the floor will require that
special pans be made. The number of pans necessary would
be that number which would allow one half of the floor to
be poured at once. Each pan would then be used about ten
times end would also be within the limits dicated by
economy.
Connection of Frames to Floors
At the first floor, the frames will be positioned on
the edge beam, (which is to have the same det.il at its top
as the pre-cast frames) and welded to the vertical reinforce-
ment provided. Forms for the floor above are then put into
place and filled with concrete after the required reinforce-
ment has been properly positioned.
- 36 -
VI.C A L U L A T IO N S
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120'
T:
40 Open well on 2nd floor
1 1 411I19 1 -I IS s i l 1 1 1 1 1
-40,
240'
TYPICAL FLOOR PLAN
Chicago Building Code
Minimum uniformly distributed floor live loads:
Business Units ... Offices - 50 lbs./ft. 2
Lobbies -100
Corridors 
- 75
Reduction of uniformly distributed floor loads:
Permitted live load reductions:
Columns - 2 floors = 800
3 = 75
4 70
No reductions of roof loads permitted
Permitted reduction for floor of more than 300 sq.ft. 85%
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ANALYSIS OF CRITICAL
+ + +--i-+
"WAFFLE" JOIST
Core Wall
14-+I
-14+
-I+ +
-14 +
14 4
.14 4
'44
4
4
4
4
ft -40'
DIAGRAM OF CORNER CONDITION LOADING
KEY: ....-... = Critical Joist
A A
or f ,
... --MMM
mo o *a
Total Loading on Critical Joist
= Joists Assumed to Take Critical Loading
r
40'
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Column
ANALYSIS OF CRITICAL "WAFFLE" JOIST
LIVE AND DEAD LOAD CALCULATIONS
Assume Depth of Slab a 27 in.
Wt. of Stem
Wt..of Horiz.Stem.
Wt. of Top Slab
Wt. of A/E Floor
* 2.0 x .83'
= 2.0 x .83'
a .25' x 5'
= .25' x 5'
x 40' = 66.5 ft.3 x 150 lbs./ft3 = 10,000 lbs.
x 28.7' = 47.5
x 4o' 50
x 40' = 50
x 150
x 150
x 150
Total Dead Load
Wt. of L.L. = 60 lbs./Ft. 2 x 5' x 40' x -85*
= 7,120
= 7,500
= 7,500
= 32,120
. 10,200
Total L.L. t D.L. = 42,320 per Joist
Total L.L. t D.L./ft. 2 = 210
* Allow L.L. Reduction from Building Code
0
ANALYSIS OF CRITICAL "WAFFLE" JOIST
Equivalent Uniform LD/ LIN FT. Due to Triangular Loading
WS 210 (40) 2,800 lbs./ lirn. Ft.
Since:
Problem:
It is assumed that 4 joists will support
triangular load, let tranigular loading = W,Where
W = 2,800 x 40 = 112,000 lbs.
How is W distributed to 4 joists?
Resolve W into force W +_ Moment M Thus:
W1 M
op-
'r t i
W W
+
Ww
WV
The force/joist
. WIT
I -T
+3F tF -F -5F
1- Effect of M
Where the effect of M -
Solving for F: 3F (6s)
+3F, +F, -F, -3F
t F(2) = W( )
10 FS
- 3_WS
2
F : 
_
20
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w
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ANALYSIS OF CRITICAL
Force on CrItical Joist W + 3 F
(Due to Triangular L.D.) 4
28 ,000 t 50,400
78,400 lbs.
Total force acting on critical joist = 78,400 . Wt.of 1 ,joist
2
S78, 40o t 21,160
- 99,560 lbs.
Since: Shear force will govern design (from previous
calculations) determine dimensions of critical
joist webb to take shear force.
Shear force =
(Critical at Core)
Area of Web .
(Req'd)
Area of Web =
(Actual)
5 wl = 62,100 lbs.
8
b'd = 62,100
240 x .875
b'd = 295 in. 2
27 x 11 = 297 in. 2
- 42 -I
.0 . 0.K.
"WAFFLE" JOIST
ANALYSIS OF CRITICAL "WAFFLE" JOIST
Negative Moment at Core Wall = WL2
= 2490 (1600) x 12
. 6,000,000 in. lbs.
Moment Safely Taken by Concrete . Kbd2
313 (11) (27)2
. 2,500,000 in. lbs.
Compressive steel necessary.
Moment to be Taken by Compressive Steel . 6,000,000 - 2,500,000
- 3,500,000 in. lbs.
Reg. As = 3,500,000
810,000
-
.32 in. 2 Use 2 #10, and 2 #98
Moment to be taken by tension steel = 6,000,000 in. lbs.
Reg. A. = 6,000,000810,000
= 7.4 in. 2 Use 3 #11, and 3 #9s
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ANALYSIS OF CRITICAL "WAFFLE" JOIST
Positive Moment = 9 WL2
128
S9 (2490) (1600) x 12
128
3,360,000 in. lbs.
Reg. As = 3,360,000
810,000
=4.15 in-2 Use 4 #98 and 1 #6
Web Reinforcement for Shear
Amount of Shear taken by concrete of joist web:
11 x 27 x -875 x 90 = 23,400 lbs.
Force Stirrups must Resist:
V, V - V of concrete web
V, = 62,100 - 23,400
Vi 38,700 lbs.
Distance over which stirrups must be provided:
x
X .774,00
62,100U
X 2 12.5' or 12' - 6"
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38,700
62,100
ANALYSIS OF LATERAL RIB
Force Acting on Lateral Ribs Due to Force on Critical Joist
W
w
3 W)(~7)
14 w
~M6
Force Acting on 1 Lateral Rib =
14 (112,000) = 11,200 lbs.
140
14 W x 1 (since 7 lateral ribs)
20 7
0.K. since web
cient to carry
is suffi-
23,400 lbs.
shear force in concrete
alone.
Moment Resistance of Lateral Rib:
Force acting on typical lateral rib spanning
between critical and its adjacent joist
= 11,200 lbs. (at critical joist)
Force acting on typical lateral rib spanning
between critical and its adjacent joist
W 3 W x 1 =
4~ ~706 7
8 W
140
6,400 lbs. (at adjacent joist)
Difference in forces acting on critical lateral ribs:
11,200 - 6,4oo
4,s00
,1max due to this load:
Mkiax = .1263 WL (since uniformly decreasing load)
= .1263 (48o0) 48 in.*
= 29,650 in. lbs.
* Clear distance between joists.
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ANALYSIS OF LATERAL
Required A at this point:
us As (30,000)
As = 29,650
810,000
As = .04 in. 2
Therefore it is safe.
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(27)
RIB
DESIGN OF
Core
+-Critical Joist
Critical Post
CRITICAL POST
Roof Load w 37,400 lbs.
4th Floor = 35,000
3rd Floor = 35,000
+--- CTCAL. POST
Total load acting on critical post = 107.4 t 2.32
= 109.7 or 110 K
Determine if Post should be designed as long or short column:
h 150" = 14.3
t 10.5
. . Design as long column.
Find corrected P Value:
110 = P (1.3 - .03 x 14.3)
110 P
~I7f
126 - P
Load acting on Post = 126 K
Load carried by Concrete = 113
Load carried by Steel
it "
Ag = it y~Iz=132. in-a
= 13
Absolute Minimum Load to be Carried by Steel:
.008 (20,000) 66 = 10.6 Less than 13 O.K.
Req'd As 13,000
16,000
N .61 in. 2 * - Use 2 #6s, As a
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h = 12' - 6"
DESIGN OF EDGE BEAM
to6 .0' 4 ' 40' ' e +t' .3.a0
Critical Snan
l I L i i §4 OR, 1& / Lin. -ft.
Clear Soan
Load acting on beam at 5'-0" intervals . 12,050 (Due to D.L./Fl.)
Load acting on beam at 5'-0" intervals = 3,375 (Due to L.L./Fl.)
Roof Load 16bOO
4th Floor Load 15,500
3rd Floor Load 15,500
2nd Floor Load * 15,500
D.L. of Posts = 3,500
Total Load - 63,600 lbs. (acting every 5')
Equiv. Unif. LD/LIN FT. 63. z 12.7 K
5
Uniform design Load (including Wt. of Beam = 13 K/FT.
Negative Moment = -.096 (13) (36)2
P1,600,000 in. lbs.
Positive Moment : .057 (13)(3 )2
= 12,840,000 in. lbs.
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DESIGN OF EDGE BEAM
Determine Dimensions of Beam
Mc
21,600,000
52- in-
Try Making Beam
Mc
Kbd2
= 313 (d3)
48 x 20
= 313 (20)
b - 26
(2304)
14-,400,000 in. lbs. Compressive Steel Necessary
Force to be Taken by Compressive Steel
21,600,000 - 14,400,000 = 7,200,000
Req'd As = 7,200,000
1,440,000
= 5.0 in. 2
Use 5# 8. & 2 #7s, = A, 5.15 in. 2 Minimum Web Width 16 in.
Req's As for Negative Moment
21,600,000 = 30,000 (48) As
21,600,000 = As
1,440,000
15 in.2  A
Use 6 #11 & 6 #9s, As = 15.36
Req'd As for Positive Moment
12,840,000 . As
1,440,000
8.9 in. 2 = As
Use 4 #10s & 4 #9s, As * 9.08 in. 2
Compressive steel for positive moment is not necessary.
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DESIGN OF EXTERIOR COLUMNS
o. is /Ft.
-~ I ~I I ~ I I ~
s £0'
CR.IlTCAL COLUMN
Assume exterior column dimen5ions 20 x 20
Total load acting on column = 455 K (Critical)
Load acting on concrete S360 K
Load to be carried by steel = 95 K . O.K.
Using steel where fs 20,000 the number of bars required is:
10 #7s
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DESIGN OF INTERIOR COLUMNS
ARLEA To E SuPPOORTD
BY INTER10AX COL4
Since a change in the size of an interior column would
require a corresponding change in the waffle pan size, the
interior columns will maint&in the same dimension throughout
the building.
Design of First Floor Column
Total loads acting on column - 252,000 Roof
- 252,000
- 252,000
168,000
924,000
Assume 28 x 28 column
Load acting on column
Load acting on concrete
Load to be carried by steel
. . Use 14 #9s
924
706
218
4th Fl.
3rd Fl.
2nd Fl.
Total
K
K
K 0.K.
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DESIGN OF INTERIOR COLUMNS
Design of Basement Column
Total Loads acting on column -
Assume 29 x 28 column
Load acting on column
Load acting on concrete
Load to be carried by steel -
use 20 #1ll
252,000 Roof
252,000 4th Floor
252,000 3rd Floor
168,000 2nd Floor
252,000 1st Floor
1,176,000 Totpl
1,176 K
706 K
470 K O.K.
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rDE5EN OF 5TRUCTURAL W(NDOW FRAME.
ELEVATION OF FRAME ON (TS 5iDE
DES(tzM FRAME AS A 6EAM WKER:
-.4 a 1.-Mb
b'
I I-
--+;\ a g e-
a C It
b = 24
b' - 0"
d = 0-9
e
PLAN OF TOP OF FRAME
ancl we'3 s- S(6o
* . 955
*
'' 81
(0#"
L.A
TOTAL WE(GHT OF i FRAME. = .30 ibs.
M a G =- S5?~O (4.S")
M at '-o' - (o G.-1s) t so (() - 87(S.as)(3(.S>
-to, OOo I. ibs. CRIT ALA
M a+ Lb'- 0)965 ( )
8S93 In. (bS.
Determie reqd depth of concre+e
to trandle. critical momcnt.
Mc = t.b' = : (3) d23
1.8(0" =-d < S" :.O.K.
Detervmine red A5 +c h-and. har tct
moment.
g,: As f5 j8 A- (>,ooo)(.9%)(s)
.079 e As
u5E K Fo- 3750 c0Ci.ETE 5tMcE Tris Fo.c. WILL Cc-CuR. SEPoP'- T+.E cceg.
t4A'5 5EEN CUVED TO (T'> 50oo VAl-uE..
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